Phosgene (CG), a toxic inhalation and industrial hazard, causes bronchoconstriction, vasoconstriction and associated pathological effects that could be life threatening. Ion channels of the transient receptor potential (TRP) family have been identified to act as specific chemosensory molecules in the respiratory tract in the detection, control of adaptive responses and initiation of detrimental signaling cascades upon exposure to various toxic inhalation hazards (TIH); their activation due to TIH exposure may result in broncho-and vasoconstriction. We studied changes in the regulation of intracellular free Ca 2+ concentration ([Ca 2+ ] i ) in cultures of human bronchial smooth muscle cells (BSMC) and human pulmonary microvascular endothelial cells (HPMEC) exposed to CG (16 ppm, 8 min), using an air/liquid interface exposure system. CG increased [Ca 2+ ] i (p<0.05) in both cell types, The CG-induced [Ca 2+ ] i was blocked (p<0.05) by two types of TRP channel blockers, SKF-96365, a general TRP channel blocker, and RR, a general TRPV (vanilloid type) blocker, in both BSMC and HPMEC. These effects correlate with the in vivo efficacies of these compounds to protect against lung injury and 24 hr lethality from whole body CG inhalation exposure in mice (8-10 ppm × 20 min). Thus the TRP channel mechanism appears to be a potential target for intervention in CG toxicity.
INTRODUCTION

Phosgene as a Toxic Inhalation Hazard
Phosgene (CG, COCl 2 ) is an industrial chemical used in the manufacturing of multiple compounds e.g., pharmaceuticals, dyes, and polyfoam rubber products. However, CG is highly toxic and its inhalation exposure can compromise the entire respiratory tract (Miller and Chang 2003, Tuorinsky and Sciuto 2008) . As such CG was used as a chemical weapon during World War I Moreover, since CG is very easy to make, it also is a concern as a potential terrorist threat. Following a latent period of about 6 -8 hr), CG initiates detrimental physiological effects such as bronchoconstriction, bronchitis, vasoconstriction, pulmonary edema, etc., followed by late effects such as inflammation, pulmonary and airway remodeling and asphyxia. All these eventually may develop into chronic obstructive pulmonary disease (COPD) leading to death by suffocation (Borak and Diller 2001, Pauluhn, Carson et al. 2007 ). However, current therapeutic options are limited to symptomatic treatment for pulmonary edema and pulmonary dysfunction, e.g., administration of leukotriene inhibitor, ibuprofen, aminophylline, or isoproterenol N-acetyl cysteine, but mainly by mechanical ventilation Hurt 2004, Pauluhn, Carson et al. 2007 ).
TRP Inhibitors as Targeted Therapy against CG Inhalation Toxicity
The mechanism of CG-induced lung injury has eluded investigators for decades. TRP channels consisting of a group of non-selective cation channels with some subtypes preferentially conducting calcium ions are expressed throughout the airways from nasal mucosa to the alveolar-capillary system (Owsianik, Talavera et al. 2006 , Grace, Baxter et al. 2014 . These TRP channels are involved in many physiological and pathological systems in the airways and also throughout the body (Nilius, Owsianik et al. 2007 , Billeter, Hellmann et al. 2014 , Grace, Baxter et al. 2014 ). Certain TRP channels are known to be involved in both chemosensory functions and detrimental signaling cascades following exposures to toxic inhalation hazards(e.g., Cl 2 , CG, sulfur mustard, methyl isocyanate, SO 2 , etc.) (Bessac and Jordt 2010 , Li, Kanju et al. 2011 , Buch, Schafer et al. 2013 ). This study looked at subtypes of TRP channels, TRPC (canonical type), TRPV1 and TRPV4 (vanilloid type), and TRPA1 (ankyrin type) that have been reported to play a role in physiological and pathological mechanisms in the airway (see Table 1 ). These are cation conducting channels with some preference for Ca 2+ . TRPV5 and TRPV6 channels have relatively higher specificity for Ca 2+ ions; however, they were not studied here. Intracellular Ca 2+ homeostasis is important in the regulation of respiratory function. Alterations in intracellular Ca 2+ homeostasis following inhalation exposure to respiratory toxicants or other stimuli cause chemosensory responses (i.e., cough, sneezing, pain) and may contribute to bronchoconstriction, vasoconstriction and altered alveolar and vascular membrane barrier permeability; this may cause enhanced bronchopressure and pulmonary hypertension (Nilius, Owsianik et al. 2007 , Bessac and Jordt 2010 , Li, Kanju et al. 2011 , Buch, Schafer et al. 2013 , Billeter, Hellmann et al. 2014 , Grace, Baxter et al. 2014 .
TRP channels integrate multiple stimuli and activate downstream cellular signal pathways via Ca 2+ entry and/or membrane depolarization and play an essential role in contraction and relaxation of the vascular system (Firth, Remillard et al. 2007 , Guibert, Marthan et al. 2007 , Guibert, Ducret et al. 2011 , Yue, Xie et al. 2015 ) (Yue, 2015) . CG has been reported to cause a substantial increase in intracellular free calcium (Werrlein, Kirby et al. 1999) . A direct link between TRP channel mediated increase in intracellular Ca 2+ and vasoconstriction and/or bronchoconstriction has not been established. We propose here a hypothetical mechanism suggesting a possible regulatory role of TRP channels in the overall mechanism of intracellular Ca 2+ increase via different types of Ca 2+ channels to include the voltage-gated Ca 2+ channels as follows. The possible mechanism for the change in intracellular calcium may involve a combination of influx of extracellular Ca 2+ ions and triggered release of intracellular Ca 2+ ions stores. CG interaction with TRPA1 and/or T-type calcium channels is thought to cause the influx of Ca 2+ ions through the plasma membrane. Consequently an increased intracellular Ca 2+ concentration may somehow activate Ca 2+ release from intracellular stores. The depletion of intracellular stores of Ca 2+ ions may then signal extracellular Ca 2+ entry through TRPV/C channels and/or L-type calcium channels in order to replenish the depleted Ca 2+ stores. There has been evidence that TRPV and TRPC channels contribute to vasoconstriction via both store operated calcium channels and receptor mediated channels (Firth, Remillard et al. 2007 , Guibert, Marthan et al. 2007 , Guibert, Ducret et al. 2011 , Yue, Xie et al. 2015 . Moreover, it has been proposed that a substantial increase in intracellular free Ca 2+ activates signaling pathways involved in cellular function that could be harmful, including depolarization of muscle cells causing vaso-and bronchoconstriction (Firth, Remillard et al. 2007 , Guibert, Marthan et al. 2007 , Guibert, Ducret et al. 2011 , Yue, Xie et al. 2015 .
Inhibitors of TRPA1, TRPV1 and TRPV4 have been developed to prevent activation of chemosensory TRP channels that are believed to be involved in pulmonary edema (Nilius, Owsianik et al. 2007 , Billeter, Hellmann et al. 2014 , Grace, Baxter et al. 2014 , Jurek, Hirano-Kobayashi et al. 2014 ) and abnormal blood pressure as well as abnormal fluid and electrolyte balance resulting from COPD (Li, Kanju et al. 2011) , heart failure (Thorneloe, Cheung et al. 2012) , chronic asthma (Lee and Gu 2009) , exposure to isocyanates and tear gases (Bessac, Sivula et al. 2009) , and exposure to chlorine gas (Balakrishna, Song et al. 2014) . Typically acute reactions to CG from its exposure at levels higher than the odor threshold and standard permissible levels include irritation, bronchoconstriction, and vasoconstriction, disruption of the alveolar membrane barrier function, pulmonary edema, asthma-like symptoms and respiratory distress. TRP channels have been proposed to represent specific targets of TIHs e.g., gases such as Cl 2 , CG, sulfur mustard, methyl isocyanate, SO 2 , chlorine etc. (Bessac and Jordt 2010 , Li, Kanju et al. 2011 , Buch, Schafer et al. 2013 , Balakrishna, Song et al. 2014 . Involvement of different subtypes of TRP channels in different respiratory and cardiac disorders have been proposed as shown in Table 1 .
We investigated the possible role of TRP channels in the mechanism of CG toxicity first using in vitro cell culture models and selected TRP inhibitors. These studies were designed for a proof of concept that TRP channels might be involved in the toxicity of CG and that the TRP channels could be possible therapeutic targets for intervention against CG-induced pulmonary injury and lethality in vivo in mice. The particular TRP inhibitors studied were SKF-96365 (SKF), a general TRP channel blocker; and RR which is a general TRPV (vanilloid type) channel blocker. This manuscript discusses both the in vitro and in vivo results on the role of TRP channels in CG toxicity and the identification of prospective therapeutic targets for intervention of CG inhalation toxicity in animals. It should be noted that the TRP channel inhibitors used here lack the absolute specificity for the types of channels as described above. Therefore, a complete validation of the concept is dependent on additional confirmatory experiments using more reliable channel type-specific inhibitors; these are being pursued in our laboratory at present.
METHODS
Cell Culture Models
Frozen stock of human pulmonary microvascular endothelial cells (HPMEC) (ScienCell Research Laboratories, Carlsbad, CA) or human bronchial smooth muscle cells (BSMC, Lonza, Walkersville, MD) was cultured in tissue culture flasks or Corning Transwell™ plates (Fisher, Pittsburgh, PA) pretreated with bovine plasma fibronectin. Frozen stock cells were cultured in appropriate medium according to the manufacturers' instructions. HPMEC were cultured in endothelial cell medium (Lonza, Walkersville, MD) supplemented with endothelial cell growth supplements, penicillin/streptomycin (ScienCell) and fetal bovine serum (FBS; Life Technologies, Grand Island NY). BSMC were cultured in SMBM medium (Lonza, Walkersville, MD) supplemented with growth factors (hEGF, insulin, hFGF-B), gentamicin/amphotericin (Lonza) and FBS. At 70-80% confluency, the monolayer cells were sub-cultured in appropriate vessels to about 80-90% confluence and were used in the experiments.
VitroCell Air/Liquid Exposure System
An air/liquid interface exposure apparatus was purchased from VitroCell Systems (Waldkirch, Germany) and teamed with a Brooks Instruments (Hatfield, PA) mass flow controller (MFC) and KNF Neuberger (Trenton, NJ) vacuum pump to create a compact exposure setup. CG mixtures at 16 ppm were produced by mixing 2% CG in nitrogen with dilution air from a compressor (Jun Air, Norresund by, Denmark). Gas ratios were controlled by additional Brooks MFC units and gas concentrations verified with an FTIR (Gasmet, La Prairie, Quebec, Canada). Gas mixture, exposure flow rates, and system vacuum were controlled and monitored using a custom virtual instrument created in LabVIEW (National Instruments, Austin, TX).
CG Exposure of Cultured Cells
Cell cultures were grown on Transwell™ inserts, and the apical medium was aspirated to produce an air/liquid interface at the cell surface. Cultures were exposed to CG at concentrations of 16 ppm for 8 minutes at a flow rate of 8.3 ml/minute. Immediately following exposure, cells were returned to culture conditions, but with medium containing either no treatment or treatment with either SKF (5 or 50 μM) (Glass, Pocock et al. 2005) RR (20 or 100 μM) (Cordova, Werner et al. 2011) . Intracellular calcium assays were used to study the effects of CG on each cell model.
Intracellular Calcium Level and Calcium Uptake Assays
Ca 2+ movement was monitored by direct measurement of [Ca 2+ ] i using a fluorometric method. The Fluo-4 Direct™ calcium uptake assay (Invitrogen™, Grand Island NY) was chosen due to the key components of the kit that reduce the background fluorescence and was performed according to the manufacturer's instructions. Briefly, 2X Fluo-4 Direct™ calcium assay buffer (1M HEPES in Hanks buffered saline solution, pH 7.3) with 5 mM probenecid was thawed and mixed. The media was removed from monolayer cultured cells and replaced with resting buffer (5.9 KCl mM resting buffer). The 2X Fluo-4 Direct™ calcium assay buffer with 5mM probenecid was added in equal volumes to the sample volume and incubated at 37°C for approximately 30 minutes. The fluorescence was measured using a M4 SpectraMax microplate reader and SoftMax Pro software (Molecular Devices, Sunnyvale, CA). Cells were exposed to CG under a USAMRICD-approved SOP. The plate was incubated at 37°C, and the fluorescence measured using the M4 microplate reader. Measurements were taken every 3-5 minutes for up to 2 hours. The average baseline fluorescence for each well was subtracted from the control and experimental relative fluorescence units (RFU). The data was represented as the % of experimental RFU compared to RFU of cells exposed to air alone.
Whole-Body CG Exposure in Mice
Groups of 40 CD-1 male mice weighing between 20-32 g (Charles River, Wilmington, MA) were placed in a Plexiglas™ chamber with a volume of 15.8 L and exposed whole-body to mixtures of CG (2.0% CG: 98% N2, Matheson Gas Products, Baltimore, MD) and filtered clean air at a rate of 20 L/min for 20 min for a concentration × time (Ct) amount of 0 (air only) or 10 ppm CG (200 ppm*min) (see Figure 1 ). All elements of the exposures were performed in an approved laboratory fume hood. CG was metered through a Brooks mass flow controller at a rate dependent on the desired concentration and mixed with air and then passed through an infrared spectrometer (Miran 1A, Foxboro Co, Sharon, MA) equipped with a real-time analog output and into the exposure chamber. Out-flowing gas from the chamber was passed through a Fourier transformed infrared spectrometer (FTIR, Gasmet, La Prairie, Quebec, Canada) to determine the concentration of CG exiting the chamber. Effluents from the exposure system passed first through an M18 filter and then through standard activated-charcoal fume hood filters. Following exposure mice received either no treatment or treatment with either SKF (10 mg/kg) (Glass, Pocock et al. 2005) or RR (3, 6, and 9 mg/kg) (Cordova, Werner et al. 2011 ) which is ≤ 350 μM and ≤ 100 μM in a 30 g mouse respectively, administered ip 20 min after CG exposure. Note: We don't know the distribution of RR in the mouse; final doses will probably be less than that calculated.
Histopathology
Mice were anesthetized by an intraperitoneal injection of sodium pentobarbital (50 mg/kg). When the animals were nonresponsive to toe pinch, the thoracic cavity was opened. After removing the ventral portion of the chest wall and freeing the trachea from the surrounding muscles, a needle (0.6 mm X 20 mm) attached to a 3 cc syringe was inserted into the right ventricle. With the left atrium severed, normal saline (0.9% sodium chloride) was injected slowly into the heart until the blood was flushed out of the lungs. A small incision was made on top of the exposed trachea. Using a blunted 18 gauge needle, fixative was slowly instilled through the trachea, which had been ligated with a suture to prevent leakage, until the lungs inflated and there was back flow through the opening. For light microscopic examination, 4% paraformaldehyde and 1% glutaraldehyde (Karnovsky's) mixture was used. Following removal from the thoracic cavity, lungs were post-fixed in Karnovsky's for 2-3 hr and then processed in paraffin. Sections from each lung lobe cut at 4 microns were stained initially with H&E for evaluating the extent of pathology. Lung pathology was graded from 0 to 4 (0 indicates no changes; 1, minimal lesions affecting 1-10% of the area; 2, scattered or random changes affecting 11-25% of the area; 3, moderate changes affecting 25-45%; and 4, severe tissue changes affecting >50% of the area). The pulmonary parameters evaluated included alveolar edema, alveolar fibrin, alveolar hemorrhage, pulmonary congestion, alveolar cellular infiltrates, alveolar epithelial necrosis, bronchiolar infiltrates, bronchiolar epithelial necrosis, smooth muscle thickness, interstitial cellular infiltrates and edema, perivascular cellular infiltrates and edema, and perivascular fibrin. Ten microscopic fields with lung parenchyma were digitally captured by light microscopy at 200X magnification and graded. The median of the grades was used to generate a composite grade for each mouse. The qualitative histological analysis of coded slides was performed by a pathologist blinded to the coding of the slides.
Statistical Analysis
Relative fluorescence units (Fluo-4 assay) were averaged and expressed as the mean ± standard deviation. The averages of the CG exposed with and without treatment by SKF or RR were normalized to respective controls (no CG) and presented as % of control for each experiment. The animals were randomized to each exposure group. The differences between exposure groups and post-exposure time point were determined using a two-factor analysis of variance (ANOVA) followed by comparison of exposure group means and time point means using the Tukey's multiple comparison test. Survival rates were compared using Fisher's exact test (one-tailed) at the 24 hr endpoint of the study. Mean survival times were compared using a Kaplan-Meier survival analysis. Morphological differences between control and experimental samples were determined as either present or absent; the statistical significance of this binomial response was considered using either a Fisher's exact or Chi Square test. Data was statistically significant when p-values were less than or equal to 0.05 and were designated as * p<0.05, ** p<0.01, or *** p<0.001.
RESULTS AND DISCUSSION
In vitro effects of CG on intracellular Ca 2+ and identifying the types of Ca 2+ channels involved in CG toxicity
The working hypothesis was as follows: (a) CG causes an increase in IL-8 as well as a reduction in cell viability and metabolic activity in the immortalized human bronchial epithelial cells 16HBEs (Olivera and Sciuto 2009) , small airway cells (Cowan, Smith et al. 2004) , and in the lung epithelial carcinoma cell line A549 (Wijte, Alblas et al. 2011) . Moreover, sublethal doses of CG was reported to cause a substantial increase in intracellular free calcium in sheep pulmonary endothelial cells (Werrlein, Kirby et al. 1999 ).
Since Ca 2+ regulates muscle contraction and relaxation, we have studied the role of Ca 2+ channels to include the TRP channels in CG pathophysiology. BSMC and HPMEC were exposed to 16 ppm, 8 min using the VitroCell air/liquid exposure system. This exposure model has been established at the US Army Medical Research Institute of Chemical Defense for a number of years and has been shown to adversely affect both cellular viability and epithelial barrier function when various cell models are exposed to 4 to 64 ppm phosgene (Olivera and Sciuto 2009) . TRP channels are involved in signal transduction of various pathways following activation and involve cells that are not directly exposed to air, e.g. macrophages, endothelial cells, vascular endothelial cells (Freichel, Suh et al. 2001 , Alvarez, King et al. 2006 , Willette, Bao et al. 2008 , Grace, Baxter et al. 2014 , Jurek, HiranoKobayashi et al. 2014 . CG is hydrophobic in nature and, therefore, it passes through the upper respiratory tract with less absorption and concentrates mostly in the deep lung to cause toxicity in the alveoli and microvascular system. The microvasculature is responsible for feeding the alveoli and nearby epithelial and pro-inflammatory cells. The septum is very thin between the alveoli and microvascular system; moreover, CG has been shown to cross this barrier (Borak and Diller 2001) . CG is edemagenic, i.e. there is a link between pulmonary edema and CG exposure, the causative effect being a loss of barrier integrity. This is thought to result from the initiation of various toxic signaling mechanisms, including changes in intracellular calcium (Werrlein, Kirby et al. 1999 , Sciuto and Hurt 2004 , Pauluhn, Carson et al. 2007 . CG is also known to cause vaso-and bronchoconstriction (Borak and Diller 2001, Pauluhn, Carson et al. 2007 ) through possible calcium signaling (Werrlein, Kirby et al. 1999) . Our choice of BSMC and HPMEC are representative cellular models of these physiological parameters.
For our study, the toxicity of phosgene was assessed by live/dead cell viability analysis along with gross observations using light microscopy (data not shown). We observed that there was a dose-dependent decrease in cell viability when exposed to CG. For further experiments we chose the 16 ppm for 8 min as exposure dose since it gave us significant changes in [Ca 2+ ] i with the lowest change in cell viability to minimize the loss of cells from the Transwell matrix following exposure to CG. Even though we are unable to correlate to a specific concentration of intracellular calcium, a significant increase in intracellular calcium is enough to trigger signaling pathways involved in cellular function that could be harmful.
Our in vitro studies show that CG (16 ppm, 8 min) increases [Ca 2+ ] i in cultured BSMC ( Figure 2 ) and HPMEC (Figure 3 ). CG-induced Ca 2+ increase is reduced by SKF (50 μM) and RR (100 μM) in BSMC (Figure 2 ) as well as in HPMEC (Figure 3 ) (p<0.01 when compared to CG alone), when given directly following CG exposure. Moreover the [Ca 2+ ] i in CG-exposed cells treated with SKF (50 μM) and RR (100 μM) was not significantly different from that in control cells (no CG). There was a decrease in [Ca 2+ ] i observed with 5 μM SKF and 20 μM RR in both BSMC and HPMECs; however it was not significant. Since SKF and the compound RR have been proposed as general TRP and TRP V blockers, respectively, our results indicate the TRP channel mechanisms as possible therapeutic targets for CG inhalation injury.
The effects of TRP channel inhibitors on CG-inhalation toxicity
This part of the study involved evaluating in live animals, here in mice, prospective therapeutic candidate compounds against toxicity due to CG. The mouse CG exposure animal model established at USAMRICD served as the CG inhalation model (Duniho, Martin et al. 2002 ). This exposure model results in lung pathology similar to that seen in humans following phosgene exposure, to include inflammation of bronchial and alveolar structures, disruption of normal lung architecture and delayed appearances of pulmonary edema, which has been well documented (Duniho, Martin et al. 2002 , Sciuto and Hurt 2004 , Pauluhn, Carson et al. 2007 ). For this specific study, CG (LD 50 Ct @10 ppm, 10 min) resulted in latent pulmonary edema formation, tissue hypoxia, hypoxemia, and uncompensated respiratory acidosis, yielding a mortality rate of approximately 55% at 24 hr after CG inhalation. Both SKF and RR were tested in the initial screening of test compounds for this exposure model. CG control had a significantly lower survival rate at 24 hr, 43% (13/30) compared to a CG+SKF, 70% (21/30), p=.034. Moreover, CG control had a significantly lower survival rate at 24 hr, 36.7% (11/30), compared to CG+ 3, 6, and 9 mg/kg RR, 66.7% (20/30), 73.3% (22/30) and 70% (21/30) respectively. RR was the more efficacious of the two compounds; therefore, RR continued into the next phase for further studies, whereas no further studies were done with SKF.
In the extended phase studies, RR was administered at 20 min following CG exposure. Animals that received RR after CG exposure had significantly greater survival throughout the 24 hr period observed when compared to other test compounds in the study (Figure 4 ). RR treated animals seemed to have the ability to compensate for the CG-induced respiratory acidosis at early time points (4 to 8 hr post-exposure) and their pH levels were able to adjust to near control levels at 8 hr post-exposure (data not shown). Histopathology results showed a reduction in the CG-induced pathology at both 12 and 24 hr post-exposure (Table 2) . However, at 24 hr, there was an increase in inflammatory cells (52%) in the alveolar exudates. As already stated, RR is known as a general TRPV channel blocker; thus, these observations correlate well with the studies involving TRPV1 and TRPV4 channels and increased permeability of pulmonary vascular and epithelial barriers in respiratory diseases see, Table 1 . Based on the role of the TRP channels involved primarily in airway pathologies as described in literature, we speculate that the inhibition of TRPV4 is probably responsible for the decrease in edema and also the increase in survivability. However, this is not confirmed is this study since RR lacks absolute specificity for individual channel types.
There is a decrease in the positive effects of RR treatment in both survivability and histopathology around 12 hr following CG exposure. This is most likely due to a decrease in drug levels over time. This would suggest that administration a second dose of RR around the 8-12 hr time point.. This agrees with what was reported when inhaled RR was used to prevent ventilator-induced lung edema, where the protection provided by RR alone was efficient for less than two hours unless the RR therapy was administered in a sustained released delivery system using inhaled poly-lactic-co-glycolic acid (PLGA) nanoparticles (Jurek, Hirano-Kobayashi et al. 2014 ).
CONCLUSIONS
TRP channels have been proposed by other investigators as specific as well as sensitive target molecules in the lung and pulmonary vasculature for inhalation exposure to toxic challenges (Banner, Igney et al. 2011 , Buch, Schafer et al. 2013 , Balakrishna, Song et al. 2014 , Billeter, Hellmann et al. 2014 , Grace, Baxter et al. 2014 ). As indicated above, these molecules serve important functions as TIH chemosensors and in signaling pathways for targeted interventions (see background). Based on studies in literature, we suggest that the inhibition of TRPV channels to include TRPV1 and TPV4 is responsible for the decrease in edema and also the increase in survivability, with the inhibition of TRPV4 being more important due to involvement of edema formation in the lower lungs in CG toxicity. The RR inhibitor lacks the absolute specificity for either TRPV1 or TRPV4 channels. Therefore, a complete validation of the concept is dependent on additional confirmatory experiments using more reliable channel type-specific inhibitors; these are being pursued in our laboratory at present. Our results also suggested that administering at least a second dose of RR around the 8-12 hr time point after CG exposure might be efficacious since the positive effects seen with histopathology began to diminish at 12 hr post-exposure. Further studies using other routes of administration and sustained released delivery systems should improve the efficacy of TRP channel inhibitors in CG-induced lung injuries (Grace, Baxter et al. 2014) . The results discussed here are geared toward establishing a mechanism-based therapeutic strategy for CG inhalation exposures. Our results suggest that the TRP channel mediated mechanisms are possible therapeutic targets for a CG toxicity intervention.
Highlights
• Phosgene (CG) increases intracellular Ca 2+ ([Ca 2+ ] i ) in cultured BSMC and HPMEC.
• TRP channel inhibitors (general TRP, TRPV) prevent CG-induced [Ca 2+ ] i increase.
• TRP channel inhibitors protect mice against a 24-hour lethal CG inhalation dose.
• TRP channels appear to play a role in CG toxicity both in vitro and in vivo.
• TRP channels are possible targets for intervention against CG toxicity. Twenty-five to thirty-five g male mice were exposed to mixture of CG, 10% balance N2 and filtered room air to the desired concentration using a Brooks mass flow controller at a rate dependent on the desired concentration and mixed with air and then passed through a Miran infrared spectrometer equipped with a real-time analog output and into the exposure chamber. Dosing was controlled by Labview software and phosgene gas concentration exiting the chamber was determined using a GASMET FTIR gas analyzer. 
